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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

INVESTIGATION OF THE NACA 4-(5)(05)-037 SIX- AND EIGHT-BLADE,
DUAL-ROTATION PROPELLERS AT POSITIVE AND NEGATIVE THRUST
AT MACH NUMBERS UP TO 0.90, INCLUDING SOME AERODYNAMIC
CHARACTERISTIGS OF THE NACA 4-(5)(05)-0Ll TWO- AND
FOUR-BLADE, SINGLE-ROTATION PROPELLERS

By John H, Welker and Robert M. Reynolds
SUMMARY

An investigatlon has been made to determine the aerodynamic charac-
teristics of the NACA L4-(5)(05)-037 six- and eight-blade, dual-rotation
propellers when operating at posltive and negative thrust at Mach numbers
up to 6.90 and when operating at near static conditions. The dusl-rotation
propellers were operated in comblination with a long spinner and at blade
angles from -20° to TO°. The aerodynamic characteristics of the six-
blade propeller when operating at positive thrust with an NACA l-seriles
spinner were slso determined through a Mach number range from 0.60 to 0.90
for a blade angle of 65°. Results of limited tests made to determine the
serodynamic characteristics of the NACA 4-(5)(05)-0O41 two- end four-blade,
single-rotation propellers when operating at negative thrust are also
included for comparison. All tests were made at an angle of attack of O°,
and the mgjority of tests were conducted at a Reynolds number of 1.0
.million per foot.

The performance of the dual~rotation propellers was not adversely
affected by compressibility up to a Mach number of gbout 0.65. At this
Mach number, and for a blade angle of 650, the six-~ and eight-blade
propellers had maximum efficiencies of about 85 percent.

Increasing the total solldity by lncreasing the number of blades from
six to elght resulted in a nearly proportional increase in power absorption
with an accompanying decrease 1n maximum efficiency of about 2 percent.

The efficiencies of the propeller in combination with sn NACA l-series
spinner were lower, by about 2 percent, than those of the propeller with
& longer spinner,

There were no significant compressibllity effects on the negative-

thrust characteristics of the dusl-rotation propellers up to a Mach number
of 0.60.
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The thrust per horsepower for opersastiont ¢of the six- and eight-blade
propellers at near static conditions veried with power disc loading as
predicted by actuator-disc theory for stetic condlitions, but the values
measured were lower by about 28 and 26 percent, respectively. For the
design power disc loading of gbout 21 horsepower per square foot, the dual
propellers produced about three pounds of thrust ‘per horsepower at near
static conditions.

INTRODUCTION. --

The high power available from modern gas-turbine engines has indicated
e need for additionsl research on propellers. This is especilally true in
regard to dual-rotation propellers since the advantages of these propellers,
over the single-rotastion type capable of absorbing equal power, are smaller
diameter, higher efficiency, sbsence of reaction torque, and lees noise.
However, the increased welght and complexity of the dual-rotation propeller
ere disadvantages that must be considered. Whereas much research has been
conducted on single-rotation propellers during the past five years, such
ag reported in references 1 to 7, only limited resedarch on dual-rotation
propellers has been carried out durlng this period. One investigation of
a dual-rotation propeller (ref. 8) has been carried to high subsonlc speeds
but the propeller uged for those tests was designed for an advance-diameter
ratlo of 7.15 which is considerably higher than the advence-diameter ratios
being considered for current designs.

In addition to the need for more data in the positive-thrust range,
there has been an increase in the demand for dsta on propeller performance
characteristics In the negative~thrust range, because of the desire %o
utlilize the negative thrust for landing and maneuvering and because of
the need to calculate the extremely large drag of turbine-engine-~propeller
combinations which results in the event of engine failure. To allevisate
the large drag forces which result when the propeller ig driving an engine
requires sutomatic progeller controls to elther declutch the propeller __
from the engine or feather the propeller. The design of these controls
requires detailed information on the thrust-torque characterlstics of the
propeller throughout a wide range of propeller blade angles and alrapeeds.
There are availeble & mufiber of reports relating to the performance of o
propellers operating at negative thrust. Howevér, most of the data, such
as those presented in reference @ for propellers of older design and in
references U4 and 5 Tor pFopellers of more current design, were obtailned
at low speeds. The negatlive-thrust characteristice ¢f a three-blade
propeller of current design operating at Mach numbers up to O. 80 are
presented in reference 6.

Inasmuch as one of the greatest advantages of the turbine-propeller
combination over other means of alrplane propulsion is the reduction in
take-off run resulting from the large thrust avalleble at low speed, there
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is a need for asdditional data pertaining to the thrust-torque relation-
ship for propellere at static snd near static conditions. The most
recent date concerning this condition for single-rotation propellers are
reported in references 4, 5, 6, and 10; and results of previous investi-
gations of numerous single-~ and dual-rotatlon propellers are correlated
in reference 11,

An investigstion has been made in the Ames 12-foot pressure wind
tunnel to provide additlional data useful in the design and development
of modern high-speed propellers. Presented herein sre the force-test
results for the NACA 4-(5)(05)-037 six-~ and eight-blade, dual-rotation
propellers when producing posltive and negative thrust at Mach numbers to
0.90 and when producing positive thrust at near static conditions. Com-
parisons have been made to show the effects of total solidity, of spinner
shape, and of blade-angle differential between the front and rear units of
the dusl propeller. Results of limited tests of the NACA L-(5)(05)-0kL
two- and four-blade, single-rotstion propellers are included for purposes
of comparison. All tests were made at an angle of attack of 0° and most
of the data were obtained at a Reynolds number of 1.0 million per foot.

NOTATION

a speed of sound . -

B number of blades

b blade width g
C ower coefficient, ———
P P ? on®ps

CP‘ power coefficient corrected for activity factor, integrated 1lift
coefficient, and thickness ratio (ref. 11)

Cp  thrust coefficient, ——g%;
pn

clg blade section design 1ift coefficient

propeller diameter

maximum thickness of blade section

v
advance-diameter ratio, Eé%

D
HP horsepower
h
J

M Mach number, %
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AB
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tip Mach number, M/ 1+(x/T)Z

propeller rotationsl speed
power

propeller tip radius
Reynolds number per foot, %Y
blade section radius
propeller disc area
thrust

thrust coefficilent, -p?TDE

velocity

equivalent free-air velocity
propeller blade angle at 0.75 R
design propeller section blade angle

difference in blade anglie between the front and reaxr components of
the dual-rotstion propeller, Bp - Bg

Cr
efficlency, =—— J

Cp
alr viscosity

alr density

Subscripts

front component of dual-rotation propeller

rear component of dual-rotatlion propeller
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MODEL AND APPARATUS

1000-Horsepower Propeller Dynamometer

The 1000-horsepower propeller dynamometer used for this investiga-
tion in the Ames 12-foot pressure wind tunnel is described in reference k.
The dynemometer was modified for the testing of dual-rotation propellers
by the lnstallstion of a gear box within the dynamometer housing and a
torgquemeter on each of two concentric propeller drive shafts. The rota-
tional speeds of the front and rear propellers were the same. The torgue-
meters were mounted in such & manner thet mechanical losses in the gear
box were not present In the measured torque. The only frictional losses
included in the measured torque were from a roller bearing and e neoprene
pressure seal between the propeller shafts, and from the carbon-ring
pressure seal described in reference 4. These losses were smaell and were
accounted for by calibrations., A photograph of the dynamometer with the
six-blade, dual-rotation propeller is shown in figure 1.

Propelliers

The NACA 4-(5)(05)-037 six- and eight-blade, dual-rotation propellers
and the NACA 4-(5)(05)-041 four-blade, single-rotetion propeller (described
in ref. 4) were models of propellers designed for the following full-scale
conditions:

Altitude, FE & ¢« ¢ o ¢ o « ¢ o o o o a s o s e o o« « « o 35,000
Moch NUMDEY & o o o« o « o ¢ o o o s o s o o « o s » o @ 0.80
HOTBEDOWET o o o o« o o o o o o o o o s s o o s o o o o o 5,600
Advance-diameter ratio
Six- and eight-blade dual . . ¢ ¢ o « o s « ¢ o s « s b2
Four-blade single . . 4 ¢ ¢ ¢ o o o « o ¢ s o ¢ o o o o 3.7
Dismeter, ft
Six-blede dual . . e 8 8 © o e & 6 o 8 & & s o e e » ° o o 19
Eight-blade dU8L « o « « ¢ o « o o « s« o « o a « s« o« o o 18
Four-blade single ., o o o s s o e o o o 23

1.0 3
Total activity factor, 109,000 B‘/P <b- £ dl z
16 0.2 D R R
SiX—blade dual . . . L . L) . . L) . . . . . ° . . . L - - 69""

Eight-blade du-a.l & 8 e o & e © & s e & s e o & ¢ * e+ & 925
FO‘(JI‘—blad.e Single . . L] . . . . . L) e . . . . L . . . . 51""

The NACA 16-series airfoil section was used for the blade sections.
Blade width ratio, thickness ratio, section design 1ift coefficient, and
twist distribution are shown by the blade-form curves in figure 2. It may
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be noted that for this investigation, the four-blade propeller described .
in reference 4 was modified inboard of r/R = 0.25. o

Except for total solidity, the NACA L4-(5)(05)-037 six-blade, dusl-
rotation propeller was identical to the eight-blade propeller and the
NACA 4-(5)(05)-0Ul two-blade, single-rotation propeller was identical
to the four-blade propeller,

Spinners

Most of the tests of the dual-rotation propellers were made with s _..
spinner having a maximum diameter of 6.51 inches and a length of B -
22,71 inches. The forward portion (9.77 inches) was contoured to the -
NACA l-series profile. This long spinner was used so the inboard blade :
sections would operaté in a nearly uniform air stream. A photograph and
detai%s)of this spinner, degignated as spinner A, sre shown in flgures 3(a)
and a

1ok

ot

Limited tests were made of the six-blade, dusl-rotation propeller
with an NACA 1-46.5-085 spinner (ref. 12), having a maximum diemeter of .
7.23 inches and a length of 13.22 inches.  This spinner is designated as
gpinner B and is described in figures 3(b) and 4(b).

The NACA 1-46,5-047 spinner (ref. 13), having a maximum dismeter of
6.51 inches and e length of 6.58 inches, was used with the single-rotation
propellers. A photograph and details of this spinner, deslgnated as
spinner C, are shown in figures 3(c) and 4(c).

The platform junctures used with each propeller-spinner combination
are also shown in figures 3 and Uk,

Instrumentation and Calibrations

The 1nstrumentation of the dynamometer for the single-rotation pro-
peller tests was identical to that described in reference 4. The dual-
rotation dynemometer instrumentation dlffered only in that there were two
torquemeters. They were gimilar in design and operation to the torquemeter e
uged for the sgingle-rotation dynamometer, each having half the capacity
and twice the sensitivity of the single-rotation torquemeter. The torque . -
measured by each torquemeter was lndicated by & manual balancing potentio- :
meter. ‘A deseription of. the methods used in calibrating the thrust gages
and torquemeters, and a discussion of typicael calibratlion results are
presented in reference 4.
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TEST CONDITIONS AND REDUCTION OF DATA

Preliminary tests were made with the six-blade dusl-rotation propel-
ler to determine the rear blade angle setting (BR) that would cause the
rear component of the propeller to gbsorb the same power as the front com-
ponent near the advance-diameter ratio for maximum efficiency. The opti-
mum blade-angle difference (AR = optimum) determined from these tests is
shown as a function of the front blade angle (BF) in figure 5. Subse-
quently, the thrust, torque, and rotational speed were measured for the
s8lx- and eight-blade, dual-rotation propellers for both the optimum blade-
angle settings (fig. 5) and the design blade-angle setting (AR = 0.8°) for
the various values of front blade angle and Mach number shown in table I.
Also shown in table I are the conditions for the limlted tests of the two-
and four-blade, single-rotetion propellers,

Propeller thrust as used herein is the elgebraic difference between
the longitudinal force produced by the propeller-spinner combination and
the longitudinal force produced by the spinner alone et the same air veloc-
ity and density. The method used in determining the propeller thrust i1s
discussed in detail in reference k4.

The total torque required for operation of the duasl-rotation propeller
was ascertained by adding the torque of the front and rear components.
Torque was determined for each component by the method described for the
single-rotation propeller in reference L.

The Mach number used in this report is the average Mach number over
the disc area determined by the velocity surveys reported in reference k.
The alr-stream velocity (and, consequently, propeller advarice-diameter
ratio and efficiency) was corrected for wlnd-tunnel-wall constraint on the
propeller glipstream by the method of reference 1lU. Experimental data have
shown good agreement with the correction presented in figure 6 (see refs. L
and 6). The data included herein are for advance-diaemeter ratios at which
the thrust-coefficient parameter (Tc/l-M?) was greater than -0.55.

Analysi8 of the accuracy of the separate measurements of thrust,
torque, and alr-stream veloclty indicate that errors in the propeller
efficiencles reported hereln are probably less than 2 percent.

RESULTS AND DISCUSSION

Most of the results of this investigation are presented graphically
in figures 7 through 34. An index of these figures is presented in
table IT and gives the propeller configuration and the range of varisbles
for each figure. Inesmuch as it did not appear advantageous to plot the
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individual power coefficlents for the front and rear propeller units at
conditions of negative and near static thrust, these data have been ¢

tabulated in tables III to V.
Pogitive Thrust

Effectg of Mach number.- The effects of Mach number on the serody-
namic characteristics of the propellers are shown in figures T through 17.
The over-all propeller characteristics are presented in figures 7
through 12, and the power coefficients for the front and rear components
of the dual-rotation propellers are shown in figures 13 through 17.

The effects of Mach number on maximum efficlency are shown in
figure 18, As previously shown in other investigations, propeller effi-
clency losses due to compressibility effects were delayed to higher Mach
numbers by increasing blede angle., The highest Mach number at which the
duasl-rotation propellers with spinner A operated without marked compress-
ibility losses was about 0.65 for a blade angle of 65°, at which condition
the propeller efficiency wae about 85 percent. Maximum efficiency of the
gsix-blade propeller varied from 87 percent at a Mach number of 0,40 -
to 61 percent at a Mach number of 0.8k,

As shown 1in figure 18(f), the maximum efficiency of the two-blade
propeller compares favorasbly with the results from reference 4 for the
four-blade propeller at a blade angle of 60°, -

The variation of meximum efficiency with advance-diameter ratia»fbfg
the dual-rotaetion propellers is shown in figure 19. Figure 20 presents
the variation of meximum efficiency with tip Mach nimber. These data,
in conjunction with figure 18, indicate that at Mach numbers above 0.80,
higher efficiencies could probably be obtalned by operation of the pro-
pellers at lower blade angles and lower advence-diameter refios.

Comparison of the characteristics of the six- and eight#blade, dual-
rotation propellers.- As shown in figure 21, the basic characteristics of
the gix- and elght-blade propellers are 1n good sgreement when compared
on the basisg of equal total activity factor. At all except the highest
Mach numbers, the maximum efficiency of the elght-blade propeller was
about 2 percent below that of the six-blade propeller, as shown in o

figures 18 and 19. _ . . _ o

In the following table the full-scale chalracteristice of the gix- and
elght-blade, dual-rotation propellers at the design Mach number (0.80) and
altitude (35,000 feet), calculated from the data in figures 7 and 8, are
compared wilth the design characteristics calculated by the method of !
reference 15 with an assumed.loss in efficiency of 8 percent due to com- v

pressibility effects. ' _ ; _ _ T

——— .
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Condition for B = 6 | Condition for B = 8
Charac-
teristics | pegign] A | B | ¢ |pesign] A | B | ©
HP 5600 560056006240 5600 | 5600 |5600{8100
1 0.80 |0.6k}0.650.65) 0.80 | 0.6210.62]|0.65
J 4,20 |4.20{3.943.87| L.20 | k.20]k.10{3.80
By 63 67| 65} 65 63 661 65 65
Cp 1.81 |1.81(1.50(1.58| 2.02 |2.02]1.88{2.17
T 3160 |2530(2570 |12860 | 3160 | 2450 |2450]|3700

Condition A shows that for operation at the design power and advance-
diameter ratio, blade angles higher than the design value would be required,
By reducing the advance-diameter ratio and blade angles, the efficiency
would be lncreased slightly as indicated under condition B for the design
horsepower. To enable the propellers to operate with maximum efficlency
at the design Mach number would require a further reduction in advance-
diameter ratio and an increase in power as shown under Condition C. At
the design Mach number of 0.80, there was no operating condition where the
efficiency approached the calculated value of 0.80. Subsequent calcula-
tions for the eight-blade propeller using the method of reference 16 and
the airfoll section data from reference 17 indicated a still higher effi-
ciency of 86 percent. The calculated efficiencies for the design condition
are unreaglistically high primarily because losses due to compresslbllity
occurred at a considersgbly lower Mach number than the calculations indi-
cated. Figure 20 shows that at the design tip Mach number of 1.0 and a
blade angle of 650, the maximum efficiency had decreased more that 20 per-
cent from its low-speed value whereas the anticipated decrease was about
8 percent.

In consideration of the effects of compressibllity with regard to the
spinner, it would be expected that with the shorter spinner (spinner B),
the local velocities on the inner portion of the propeller blades would be
conslderably higher than the free-stream Mach number and, as & result, it
would be anticipated that calculatlons based on free-stream conditions
would overestimate the Mach number for the onset of compressibility effects.
With the long spinner (spinner A), however, the local velocity at the blade
shank is calculated to be only sbout 1 or 2 percent higher than the free-
stream velocity, and it should be possible to neglect this velocity lnecre-
ment in the propeller performance analysis without introduecing large losses.
While the effect of the propeller inflow on the drag of the long spinner
would be expected to be of appreclable magnitude, it would not be anticl-
pated that this contribution would be particularly dependent on Mach number
below & Mach number of 0.85 or 0.90.

In regexrd to the alrstream velocity it may be stated that the velocity
surveys (ref. 4) which were used to estasblish the free-stream Mach number
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were carried out in such a manner that it 1s difficult to conceive them
to be in error by a signiflcant amount. However, there is no way to eval-
uate accurately the effect of the propeller slipstream on the flow field
induced by the dynamometer structure. It is felt that this effect of
slipstream was small, as indicated by the data in reference U4 which show
no large effect of Mach number on the velocity induced by the dynamometer.

A point that should be made with regard to the calculated performance
is that at the design condition, the sectlons of the propeller ocutboard
of 0.70 radius were operating at Mach numbers between 0,90 and 1.0. The
section date used in the performance calculations are of doubtful accuracy
in this Mach number rsnge, and recent section data presented in reference 18
have shown effects of camber contrary to the results given in reference 17.

In summery of this discussion of the propeller efficiency at the
design condition, it can only be gtated that losses due to compressibility
effects began to rise at a lower Mach number than the calculated value.
Aside from questioning the velidity of the section data used in the per-
formance calculations, no other reason for this discrepancy ie known.

Comparison of the propeller characteristics for the optimum AB and
a AB of 0.89.- As shown in figure 22 for the six-blade dual-rotation
propeller, and as would be anticipated, the effect of increasing the blade
angle of the resr componernt (changing from optimum AB to AB = 0.8°) was
to increase the power coefficlent for the rear component at a given advance-
diemeter ratlo, with a corresponding increase in thrust coefficlent. More-
over, it is shown that there was no significant difference in the power
absorbed by the front component with change in the rear blade angle.
Figure 22 also shows, for By = 65° and Mach numbers from 0.60 to 0,80,
that the front and rear complnents absorbed equal power at an advance-
diameter retio near that for maximum efficiency with the optimum AS
setting. However, the rear blade angle used for the optimum setting with
B = T70° appears to have been somewhat low for Mach numbers above 0.70
(see figs. T, 13, and 15).

Comparisons of the data in figures 18 and 19 show that for both the
8ix- and eight-blade, dual-rotation propellers, the maximum efficilency
obtained with AR = 0.8° was generslly lower, by about 2 percent, than
that with the optimum AB setting.

Effects of gpinner length and of sealing the gaps at the platform
propeller-spinner junctures.- The results of limited tests of the six-
blade, dual-rotation propeller using spinner B are presenteéd in figure 10
and summaerized in figure 18(e). In general, the efficiency of the pro-
peller with. thils spinner was about 2 percent lower (fige. 18(e) and
20(c)) than with spinner A. It is believed that this is due to the higher
velocities over the inboard propeller-blade sectlons with the shorter
spinner, similar to the results reported in reference 4,
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As shown in figure 23, sealing the gaps between the propeller bledes
and the platform junctures had no significant effect on the propeller
characteristics.

Negative Thrust

The effects of Mach number on the characteristics of the propellers
when producing negative thrust are shown in figures 24 through 29 and ‘in
tables ITT and IV, Negative-thrust characteristics are shown, for Mach
numbers sbove 0.15, on plots with tangent coordinates which enable cover-
age of the full range of test results.

Similar to results reported in reference 6, it can be shown from the
data presented in figure 30 that there was practically no effect of com-
pressiblility on the negative-thrust and torque characteristics of the
dual-rotation propeller for Mach numbers up to 0.60.

The basic negative-thrust characteristics of the six- and eight-blade
propellers are in good agreement when compared on the basis of equal total
activity factor. This is shown for Mach numbers of 0.15, 0.60, and 0.80
in figure 30. Also, comparison of the data presented in figure 31, again
on the basis of equal activity factor, indicates good agreement between the
negative-thrust characteristics of the two- and four-blade, single-rotation
propellers. It can be shown that the negative-thrust data for the single-
rotation propellers, after correction for activity factor, compare favor-
ably with those for the dual-rotation propellers at s Mach number of 0.15
(date in fig. 31 compared with those in figs. 30(a) and (b)), but do not
compare well for the higher Mach numbers (comparing corresponding desta of
figs. 28 and 2k, for example).

Near Static Thrust

The characteristics of the six- and eight-blade propellers at low
forwerd speeds are presented in figure 32 and teble V. The velocity of
the air in the tesdt section for these tests was produced by the model
propeller itself and thus varied with propeller rotational speed and
blade angle as shown in figure 32.

The gbrupt decrease in thrust coefficient and increase in power
coefficient at values of nD below 60 (fig. 32) are similar to results
reported in reference 6 for a three-~blade propeller and are believed to be
due to the effects of Reynolds number on the blade section characteristics,

The data in figure 32 were used to determine envelope curves for the
variation of thrust per horsepower with power disc loading for the six~ and

———
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eight-blade, dual-rotation propellers. These are shown in figure 33,
together with similar experimental results for the four-blade propeller .
(computed from fig. 8 of ref. 4) and the theoretical ideal curve for the
static condition computed by the method of reference 19, For all power
disc loadinge, thrust per horsepower increased with increasing number of
propeller bladeg. For the design power disc loading, approximately 21
horsepower per square foot, the déial propellers produced about 3 pounds

of thrust per horsepower at near gtatic conditions. The experimental
thrusts per horsepower for the six- and eight-blade propellers were approx-
imately 72 and T4 percent, regpectively, of the theoretical ideal values,
That the thrust-per-horsepower values for the dual-rotation propellers

are higher than those reported for single-rotation propellers in refer-
ences b, 5, and 6 is probably due to lower rotational losses for the dual-
rotation propellers. The extrapolation explained in the followlng para-
graph indicates that the experimental thrust per horsepower would be about
20 percent higher if the .date were for & true static condition.

The variations of thrust per horsepower with power coefficlent for
the six~-blade dual-rotation propeller at near static conditions and at
zero velocity (obtained by extrapolation) are compared in figure 34 with
correlated static data (from ref. 11) for five other six-blade dual-
rotation propellers having NACA l6-geries sections. The values shown for
the near static condition were calculated using the data in figure 32(a),
and the values given for the zero-veloclity condition were obtained by a
gtraight-line extrapolation of the thrust and power coefficients as a func-
tion of test-section velocity using the data from figures T(a) and 32(a).
The power coefficient used in this figure was corrected for activity
factor, integrated 1lift coefficlent, and thickness ratio in accordance
with the method of correlation of reference 11, These results show that
the effect of small forward velocities on the thrust per horsepower was
substential, if the extrapolation procedure ig v&lid. The agreement between
the extrapolated results for zero veloclty and the results presented in
reference 11 ig only fair.

CONCLUDING REMARKS

The following remarks msy be mede regarding the results of the sub-
Ject investigation:

The hlghest Mach number at which the gix- and eight-blade, dual-
rotation propellers operated without marked compressibility losses was
about 0.65 for a blade angle of 65°, at which condition the efficiency of
both propellers was 85 percent. The effects of c¢ompressibility on maximum
efficiency were similar to those reported in previous investigations, indi-
cating that for Mach numbers sbove some value (for these propellers, sbout
0.80) higher efficiencies would be obtained by operation of the propellers
at lower advance-diameter ratlios and lower blade angles.
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Increasing total solidity by increasing the number of blades from
six to eight resulted 1in a nearly proportional increase in power gbsorp-
tion with an asccompanying decrease in maximum efficiency of about 2 percent.

Lower efficiencles, by sbout 2 percent, were obtalned for the propel-
ler in combination with an NACA l-series spinner as compared with those
obtained for the propeller with the longer spinner. This result is attrib-
utable to the effects of the nonuniform flow field of the l-series spinner
and is similar to results reported for the NACA 4-(5)(05)-041l four-blade,
single-rotation propeller with l-series and extended cylindricel spinners.

There were no significant effects of compressibllity on the negative-
thrust cheracteristics of the dusl-rotation propellers up to & Mach number
of 0.60. When compared on the basis of equal total activity factor, the
negative-thrust characteristics of the six- and eight-blade propellers
were 1in good agreement.

The thrust per horsepower of the six-~ and eight-blade propellers at
near static conditions varied with power disc loading as predicted by
actuator-disc theory for the static condition, but the measured values
were lower by sbout 28 and 26 percent, respectively. For the design power
disc loading, spproximately 21 horsepower per square foot, the dqual propel-
lers produced sbout three pounds of thrust per horsepower at near static
conditions.

Ames Aeronauticsl Leboratory
National Advisory Committee for Aeronsutics
Moffett Field, Calif., July 13, 1954

M
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TABLE I.- BLADE ANGLES AND MACH NUMBERS FOR TESTS OF VARIOUS PROPELLER CONFIGURATIONS

Mach Propeller blade angle, B or pp, deg
number ] 70 |65 ] 60 BO] L0301 25 120,151 01 5 ] 0 [=5,-10,=15 <20
N0 -] - -=|==]-=-]--]--] a ab a | -«|-- - .
A5 | - - - - - =]~-]-~| =~ |-~ | afg | 2bfg | afg | afg |abfg a ab
20| =] =« |aclam]--|labv]lale-] ~=|-=-]-=-]--~ - - -
Jdo | --] b ab |ab|avf|{av|a |--] - - |=-]-=-]-- -—-- -
50| --| - - plom|l £ | =|--|--| --|--|[--[-- S --
.60 | - - | 1abcde | abf | ab |abf| = |- =] == |- =[=-=-]|- - - .- -
.70 | ace | tabecde | abf |ab |abf| we |== [~ = | = = | = <[~ =|- = -- - --
9 | ace| abede | ab (ab | 8 | —= o= = =] =« |= ]| = ]|~ = - - - -
B0 | ace | tabede [abf | b |- =] e= |eu e =] = = | = | a=]- - - - = -
Bh | ace| abede | @b Jmm | = o| == |=cf= | == |==|=~-]=- - - - - --
ol e | cde |-w|ocfen] ||| - |-~~~ --- |-
Config- .
uration Propeller Spinner Ap, deg Thrust
a 6-blade  dual-rotation A optimum positive and negative
b 8-blade dual-rotation A optimum positive and negative
c 6-blede dual-rotation A 0.8 poaitive and negative
d 6-blade dual-rotation B 0.8 positive thrust only
e 8~blade dual-rotation A 0.8 positive and negative
f 2-blade gingle-rotation C - - positive and negative
g h-blade single-rotation c - - negetive thrust only
1Repeat runs with the platform gaps sealed, configuration & only.

o
S
>
ey
=
e
¢
&
1—]
LA
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TABLE IT.- INDEX OF DATA FIGURES
Number Front Reynolds
Figure fa':) of Mach number blade number
mmber Plot Propeller| geg [biades, M | engle, | Spimner] per ey,
B By, deg Rnx10~8
Posltive thrust
7 Cp,Cp,n My vB. T Dusl Optimum 6 0.15 to 0.84] 15 to 70 A 1.0
8 Dual Optimm 8 0.15 to 0.8%] 15 to 65 A 1.0
9 Dusl 0.8 6 0.60 to 0.90 65,70 A 1.0
10 Dual 0.8 6 0.60 to 0.90 B 1.0
11 Dusl 0.8 8 0.60 to 0.90 65,70 A 1.0
12 A 4 Single — 2 0.50 to 0.80 60 c 1.5
13 Cpps Cpg V8. & Dual Optimum 6 0.15 to 0.84| 15 to TO A 1.0
1k Dual Optimum 8 0.15 to 0.84| 15 %o 65 A 1.0
15 Dual 0.8 6 0.60 to 0.90 65,T0 A 1.0
16 Dusl 0.8 6 0.60 ta 0.90 65 B 1.0
7 A 4 Dual .8 8 0.60 to 0.90 65,T0 A 1.0
18 Nmax V8. M Dusal Cptimum | 6,8 0.15 t0 0.84} 15 to TO A 1.0
18 Dual 0.8 6,8 0.50 to 0.90 65,70 A 1.0
18 Dual 0.8 6. 0.60 to 0.90 65 B 1.0
18 v Single -_— 2 0.%0 to 0.T0 50,60 c 1.5
19 Tgay V8- 7 Dual Optimum | 6,8 0.15 to 0.84] 15 to TO A 1.0
19 Dual 0.8 6,8 0.60 to 0.90 65,70 A 1.0
20 Tmax Ve« Mg Dusl Optimm { 6,8 —— 15 to 70 A 1.0
20 Dual 0.8 6,8 ~— 65,70 A 1.0
20 Dusl 0.8 6 —~— 65 B 1.0
o1 Cp,Cp,m v8. J Dual Optimm | 6,8 0.40 to 0.80 65 A 1.0
boo Dusl 0.8 6 0.60 to 0.80| 65,70 A 1.0
¢23 ‘L Dual | Optimm 0.60 to 0.80 65 A 1.0
Negative thrust
ak Cp, CP V. J Dual Optimum 6 0.15 to 0.84}-20 to TO A 1.0
25 Dual Optimum 8 0.15 to 0.84]-20 to 65 A 1.0
26 Dual. 0.8 6 0.60 to 0.90 65,70 A 1.0
27 Dual 0.8 8 0.60 to 0.90 65,70 A 1.0
28 Single — 2 0.15 0 to 25 c 1.0
28 Single — 2 0.k0 to 0.80 50,60 c 1.5
29 Bingle ——— L 0.15 0 to 25 e 1.0
430 GpsCp V8. Bp Dual Optimm | 6,8 0.15 to 0.8%4]|-20 to TO A 1.0
31 Single _— 2 0.15 0 to 25 c 1.0
3 Single. -— L 0.15 0 to 25 c 1.0
Rear static thrust
32 Cmp,Cp,V vs. nD Dual Optimm 6 20 10 to 25 A -—
32 Dual Optimum 8 0 15,20 A —
33 T/HP vs. HP/S Dual Optimm{ 6,8 0 -— A —
3% T/HP va. Cp' Duel | Optimm| 6,8 =0 — A —
2Comperigon of the 6~ end 8-blade date for AB = optimum. w;?’
bComparison of the 6-blade date for A = optimm and AB = 0.8°.

CEffect of sealing the juncture gmp.

dpata for B = 8 shown for M = 0.15, 0.60, and 0.80.

P
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TABLE ITT.- NEGATIVE-THRUST CHARACTERISTICS OF THE NACA 4-(5)(05)-037
SIX- AND EIGHT-BLADE, DUA%-ROTATION PROPELLERS, AB = OPTIMUM
a) B=6

I <12 B ep e | o [l x (B0 s or Cer | % [l w | g | O e | om
0.13] -20 1.43 0.7 0.29 025 |jo.as| -5 3.39 -2.866 0.19 27 0.1% { 1% 0.8 | -0.106 -0.02
1.8 -.83l 31 .27 Bhg | -3.4%5 2k .31 S8 | -a1k8 -.03
1.5 -.919 .33 .29 kg7 | -k.0G2 34 3k 1.00 | -.18% -.0h
1.61 -.973 .35 .31 6.08 | -3.71k Bey 56 1.09 | -.243 -.06
1.70 -1.0kk 36 .3k 6.96 -7.388 .55 N 1.20 ~.330 -.08
1.79 | -1.132 .39 .37 1.30 | -.38 -0
1.80 | ~l.22» A0 [} .77 -.222 .01 01 L.h0 | =b45 -2
1.98 | -l.299 Ja &3 .80 -.236 0L o1 1.6 | - -.15
2.09 § -1.387 A2 a4 .83 -.260 01 01 1.90 | -.76k -.20
2.16 | -1.863 Sk &7 .89 297 .01 .01 2.20 | =.933 -.2%
2.2% | -2.937 &7 50 .92 -.326 0L 01 2.%8 | -1.11k -3
.34 -1.578 50 % .90 -, 366 0L .01 2.99 | =1.4k6 -.37
2.h3 | -1.618 3 %0 1.02 -.398 0 .01 3.47 | -1.820 -4
2.% | -1.638 A .51 1.07 =437 [} .01 3.97 | ~e.311 -5
2.72 -1.886 .28 S 1.1 -.470 [} .01 4.97 | -3.30% -.63
2.94 | e.047 .64 1.21 -.543 [ 0L 6.90 .186 =1.4k
3.13 -<.268 63 .70 1.33 =613 -.01 oL
3.k2 2.511 .80 L. -.687 -.0L 0L 20 - ~.el [+]
3.70 -2.850 .90 .5 1.k9 -.760 -0 oL 1.00 [ ~.0% -.01
k.09 | -3.238 K 1.0k 1.68 -.91k -2 1.2 | -3 -0k
448 -3.690 1.1 1.20 1.87 -1.0% -.03 [ 1.21 -.200 -.06
L.98 | -k.279 1.0 1.30 2.08 | ~1.19% -.03 L.3L  =.273 ~.09
5.96 | -5.711 1.88 1.57 2.27 | -1.301 -.03 0L 1.h2 | -~.338 -2
7.03 ~7.683 2.43 2.15 2.6 -1.427 .0k o 1.9e =635 -.22
2 zg -1.784 05 gz 2.23 -.830 -.28
-1% 1.39 ~.738 2L 18 3 -£.216 ~.0h 2.63 | -1.061 -35
1.kb -.798 22 19 k.09 | -2.921 -.0k 06 3.02 | ~1.332 - 53
1.% -.875 2k 20 h.67 ~3.599 =07 06 3.55 | -1.Th0 -
1.60 -.940 26 21 5.7L | -5.012 =07 09 5.0k | 2,158 -0
1.69 | -1.01k 26 23 T.09 | ~7.k51 -0 .13 5.27 | -3.548 -1.05
1.78 -1.093 27 6.99 | -6.000 -1.85
1.68 -1.183 .29 29 5 .67 =154 [} [}
2.07 [ -1.340 .30 .32 .73 -.188 -0l [+ 25 118 § -. [
2.24 ~1.kg8 o34 .36 B -.015 -.01 -0 1.28 =.10 -.03
2,44 ~1.587 39 . .85 .57 -.01 «.0L 1.38 =1 -.06
2.63 | -1.6% B .38 .90 -2 -.02 -.0L 1.08 | -.2%6 -.10
2.9 | -1.936 R A3 .96 -.325 -0 -2 L5 { -.318 ~13
3.22 | -a.2fe .53 .33 1.0% -.3% -.03 -0 1.78 | -.h37 =17
3.55 | -2.6kk .63 . 1.03 -.387 -.03 - 1.99 | -.560 -.23
4,01 | -3.0% .69 T 1.16 -.163 -0k ~.03 2.17 | -.682 .27
L.48 | -3.62T .8k . 1.27 -.535 0% -.04 2.37 { -~.00M -3
5.00 | -h.2h3 1.08 Sk 1.3k - -.05 -0k 2.95 | ~1.13k -.h3
5.98 | -5.730 1. 118 1.56 -.663 -.06 -.03 3.48 | ~1.483 -.59
6.97 | ~7.549 1.50 1.60 1.68 -.8ek ~.08 -.06 3.98 | -1.909 -9
1.84 ~.9kg -0 -.07 bk | ~2.300 -9
~10 | 1.30 -.638 .12 a1 2.06 -1.101 -1 07 h.93 | ~2.860 -1.16
1.36 -.70% a2 J2 2.8 | -1.160 =1L -.0T 5.97 | ~4.200 -1.66
1.k3 ~.778 A3 13 2.%0 -1, -1k «.07 6.96 | ~5.496 2.17
1.51 -.853 W2k W1k 2.89 -1.634 =16 -.07
1.60 -9 16 .15 3.4r | -2.06% -.18 -.09 [{o.20 ] 30 1.39 | ~.03 oL
1.68 - 16 3.99 | 2.667 ~.24 .12 1.k9°[ ~.080 -.02
1.86 =1.1h7 18 .18 L.58 -3.346 -3 -.1% 1.%9 =176 -.07
2.06 -1.33 .19 21 5.66 b TSN -.h8 -2 1.69 -.237 -.11
225 [ -2. 21 22 6.98 | ~7.012 -T2 -9 1.78 | -.307 -.15
2.43 | -1.%6 2h 23 1.99 | -.h3t -20
2.63 { -1.670 26 26 10 62 -.05%9 ] -] 2.20 | -.555 -.25
2.2 | ~1.900 R - -.072 [ 0 241 | «.680 -31
3.22 ~2.19% .33 33 .69 ~.100 -.01 -~ 0L 2.62 799 -.35
3.51 | =2.u81 .39 vt T3 -.130 -.0L «.01 2.2 | ~-.949 -.52
Loo | ~2.981 Bis %0 .19 -.157 -.02 -.02 3.21 | -1.16 -5
*.50 -3.616 57 8 .85 «.193 -.03 -2 3.51 | -1.318 -.62
4.56 157 .70 & 9 ~232 -0k -.03 3.59 | -1.607 -~76
5.5 | -5.063 N 70 .96 -.aé0 -0k -.03 k.33 § -1.973 -3
6.97 ~T.62% 1.19 1.09 2.0 -.893 -5 -0k .87 | .56 =1.21
1.12 -.3%9 ~.07 -.05 5.L6 | -3.00h ~1.51
-5 | 113 .05 Ok 1.33 -.h98 .09 -.08 6.37 | -k.199 -2.03
1.16 .05 Ok 1.% =617 -1 -.10 7.68 | -6.13h 2.99
1.22 0% .05 1.73 -7 ~19 -2
1.31 05 .03 2.02 -.95L -.18 -1k *o 1.97 § -.031L .03 -0
1.3% .06 .06 2.2 -1.1%8 -.e2 -.1h4 2.17 - -.08 -a13
1.h9 .06 .07 2. -1.4% -.25 =16 2.38 | -39 -.19 -.25
2.%8 .07 .07 3.20 ~1.7% -3 -.19 2.60 - -29 -.35
1.67 07 .08 3.5 -2.118 -3k -.25 2.79 -3kl .5 -
1.77 07 .08 3.99 -2.560 - l2 -.29 z.a - -.ko -.bg
1.87 07 09 k.hg -3.12% =51 -.33 3. 877 -%e -.66
2.05 08 .09 k.99 -3.70% -.by -.39 3.99 | ~1.163 -.68 -84
2.2k .08 12 5.98 .97k - Th -.%0 A L8 [ ~1.499 -.88 -1.06
2.h3 .10 .13 6.99 -6.757 -1.09 -68 %88 | -1.773 -1.11 =1.26
2.63 Q1 2k 5.96 | -©.687 ~1.63 -1.83
2. 12 .16 13 Th -.019 .OL [ 7.00 | -3.760 2.37 <%
3.20 a3 .18 .78 -.0L6 ¢] Qo 8.5 | -5.%h -3.48 -3.79
3.53 .16 =22 N - =01 -.01

¥
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TABLE TTT.- NEGATIVE-THRUST CHARACTERISTICS OF THE NACA 4-(5)(05)-037 SIX-
AND EIGHT-BLADE, DUAL-ROTATION PROPELLERS, AS = OPTIMUM - Continued
() B = 6 - Continued

W :2 H Cpg X m H w[fr.| & cr ey Cey
o.d| 30 | 1 -0.13 o6l m | 3% 0.70{ %0 6.65 -2.17 2.36
1:% ~16 3.60 T.50 -3.08
1.83 --19 3.89 8.23 -E.&
1.93 =21 19 9.09 -h.T2
a.oz -2k w5 9.86 -5.60
2.1 -.27 5.06 10.52 -T.0h
2.2k =30 5.85 1k.52 -13.49
2.3k -.52 6.82 19.81 -22.99
2.4k =33 7-8% 286 -35.11
2.5 - 8.79
2.6% - 9.73 % | 3.20 -.10
2.83 ~ih 10. 3.29 -.20
3.03 -.;z 1h.59 3.39 -.29
322 - 13.59 3.k -k
3.h2 -5 [ok. T2 3.9 . Y g
i:‘!l =.T0 [29.3T 3.70 =%
b9 e 5 | 3.2% E 2
. - .50 -
k.85 -1.17 3.34 i.co -.61
5.85 -1.67 3.45 k.09 -.66
6.83 <.27 3.53 A.20 -1
7.80 -3.07 3.65 3.3 -6
8.79 =3.91 3.3 5.5 -.88
9.80 .84 gg :.‘r_’ -.99
o .90 -1.10
X0 | 1.9k -.03 k.16 5.29 -1.30
2.0k --09 k.35 5.69 -1.53
2.1{ L ] 6.11 -1.82
:-2 :-;‘6! 6.08 -2.08
. . 7.09 -2.5L
e.a 5.56 3'“ -3.00
2.63 6.13 .26 -3.97
2.83 6.TT 9.%9 .90
3.12 T.32 9.87 =5.29
3.03 T.92 10.80 -6.51
i-‘l'-l. 8.90 .78 -12.75
22 9.9 19.23 -21.%
k.70 10.86 2k.78 -3%.6T7
5.k [14.83
6.%6 60 | 3.85 22 -.02
7.%6 [ .96 3.9% 12 -
8. 05 k.05 o5 28
9.90 k. k15 -.03 -.k2
k.3 25 -.12 =57
) 2.79 k.55 k.36 -2 ~58
2.89 TS %56 ~o¥T -
3-% k.ok &7 -TO -.B8
3 5.5k k.96 -84 =53
3.57 6.16 5.56 -1 -1.27
2-78 6.7h 6.19 -1.38 -1.66
09 731 6.93 -1.73 2.17
kg T.% 7.96 -2.k3 -2.96
2.00 8.89 8.95 -3.28 -3.81
6.00 9.87 9.83 -h.OT .66
6.9 10.86 10.92 ~3.13 -5.85
7.96 1h.82 12.93 -7.66 8.5
8.95 19.80 .52 10.49 | -11.63
9.96 2k.78 19.81 19.26 -20.92
13.23 £9.79 2792 L39.88 | -hL.67
16.39 . o3 29.TT LA6.3T | -86.56
55 3.86 %.99 65 k.90 -2 -1k
3.M 5.20 5.00 25 -28
3.77 5.0 5.20 o7 -.60
3.98 5.61 5.h0 -2 -.68
k.26 5.8 5.60 3R -1.0T
%.80 6.03 5.8 -7 ~L.2k
5.%9 6.ar 6.00 - -1.36
6.58 6.AL 6.22 -.98 =1.53
T.55 G.gi 6.1 -1k -1.80
8.69 6. 5.63 -1.26 =1.73
9.98 T.01
12.99 70 | 6.9 .63 -.21
16.61 0.70| 50 2.5 7.09 20 ~1.05
3.2 T.66 ~h9 -1.69
60 h.g 3.12 8 -1.15 -2.28
k. 3.23 9.09 -1.80 -3.06
AL 3.? 9.8 -2.3% -3.6
5.06 3.43 13.76 -5.76 -8.03
5.72 3.53 18.681 l12.33 | -15.85
6.0k s 23.71L -21.32 -23.51
T.29 3.72 29.3k F33. -39.28
B.E_sr 3.82
9. <52 .75 | >0 3.08 -39 -h6
10.5% oi 3.19 -.h8 -.51
& 10 o i B | B
c.60| 50 | 2. . . - -
2.79 .53 3.5 -.50 -5
2.9 273 3.8 =61 =67
3.00 *.90 . -.63 -
3.10 3.5 E.Bo 63 --;:3,
3.20 6.13 02 =75 -
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TABLE III.- NEGATIVE-THRUST CHARACTERISTICS OF THE NACA 4-(5)(05)-037 SIX-
AND EIGHT-BLADE, DUAL-ROTATION PROPELLERS, AB = OPTIMUM - Continued
(2) B = 6 - Concluded

x | Br I x |} P, T u |t J
or Crp Opy & or Crp Cpy o or Cry Cpp
0731 30 | k20 | -0.883 | -0.82 | -0.51 0. 5.80 - 6L | -1.28 o0.80]| 63 5.17 -.323 -.05 =50
koo ©| & 6.0 -.65% -8 | -1 5.;3 -.438 -.22 -1.27
k.60 6.21 -8 | -1.07 | -1.53 5. «.588 - «1.70
479 6.2 =787 § =121 | -1.66 5.8 -.Th8 =71 =2.10
5.08 6.61 =872 | ~1.35 | -1.80 5.98 -.893 ~.93 -2.%
;é’é 6.54 =939 =1.46 =-1.8% 621 -.836 -1.33 =1.Th
6.7 70 | 6.68 -.189 6 =56 70 | 6.37 -.129 A8 -.29
T.99 T.07 -.368 09 | 21 6.75 -.326 .23 =93
1.69 7.87 | =703 | -.81 | -l 7151 - =13 | -1bs
8.28 8.70 | -1. =1.60 | «2.Th 7.5 - -.58 -1.
8.89 9.5 | -1.319 2,13 | 3.3 8.12 =876 | -1.23 -2.30
9.68 11.80 | -2.287 | -k.oh | -B.72 8.93 | ~-2.193 § -1, -3.0%
10.70 16.8% } -5.210 | -9.76 [-12.70 9.7 | -1.53 | -2.hT -3.82
11,76 2L.%e | -9.3%e |-18.17 | -21.88 12.3r | -2.713 | -%.80 -6.63
1u.60 25,80 | -13.29) | -26.6k -ggzg 17.63 | -6.136 | -1, -1%.56
20.29 29.80 | -18.11% |} -36.20 |-Ro. 2, -10.710 | -20. “2k.26
24,32 26.97 | ~15.35% | =30.32 -3h.21
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AND EIGHT-BLADE, DUAL-ROTATION PROPELLERS, Af = 0.8°
(a) B=6
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» OB = 0.8° - Concluded

B = 8 - Concluded
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Figure l.- Photograph of the 1000-horsepower dynamometer with the
NACA 4-(5)(05)-037 six-blade, dusl-rotation propeller.
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(v) Spinner B. (¢) Spinner c.

Figure 3.- Photograph of the spinners and platform propeller-spinner
Junctures.
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Figure 5.- The difference between the front and rear blsde angles uped for the optimum setting of
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